To improve the transformation efficiency of Zygosaccharomyces rouxii by electroporation, glycerol was added to the electroporation buffer and the cells were frozen at À80 C. These alterations drastically increased transformation efficiency, and we found that competent cells can be preserved at À80 C without decreasing their transformation efficiency for at least 30 d.
Zygosaccharomyces rouxii has played a central role in the production of traditional fermented foods (soy sauce, soybean paste) for over 1,000 years in Japan; however, it is also known to cause yeast spoilage in the food industry. The main characteristics of Z. rouxii are high salt or sugar concentrations and low pH. Therefore, the mechanism of salt tolerance in Z. rouxii has been studied at the molecular level. Since the complete genome sequence of this organism was recently published by Génolevures, 1, 2) certification of the genes responsible for salt tolerance in Z. rouxii should be accelerated.
Gene manipulation techniques, especially transformation, are essential in investigating microorganisms at the molecular level. In the case of the model yeast Saccharomyces cerevisiae, it is usually transformed using lithium acetate and polyethylenglycol, 3, 4) but this method is not efficient for Z. rouxii.
5) At present, two transformation methods are available for use with this organism: the spheroplast-polyethylenglycol method and the electroporation method. The former was developed by Ushio et al. in 1988, 6) but it is not practical, because it is time consuming and requires specific steps for cell-wall regeneration. In addition, the top agar for cell-wall regeneration often causes inconsistent results, because it interferes with the subsequent selection of colonies. The latter method was developed by Pribylova and Sychrova as a quick and efficient one.
5)
They also developed genetic manipulation tools, including various plasmids and host strains, which are now standard tools in this field. 7) Hence, we obtained several vectors and auxotrophic mutants (kindly donated by Dr Sychrova), and adopted the latter method for our work. We tried to transform the DL2 strain using pZEU, but we obtained fewer than 10 transformants/mg of plasmid even when the pulse conditions were optimized (Table 1) . In this study, we improved the electroporation method.
Electroporation was performed using a Gene Pulser and a Pulse Controller (Bio-Rad, Hercules, CA) with a 0.2-cm cuvette. The gene pulser settings included a voltage of 1.8 kV, a capacitance of 25 mF, and a resistance of 400 . We found that the copresence of glycerol and sucrose in electroporation buffer and freezing of the competent cells increased their transformation efficiency, and that the competent cells could be stored at À80 C without decreasing their transformation efficiency ( Table 1 ). The optimal concentrations of glycerol were 5-15% v/v under freeze-thawing conditions. This concentration is similar to that of yeast general freezing conditions using permeating cryoprotectant. 8) A combination of permeating and nonpermeating cryoprotectants has been used for the cryopreservation of spheroplast cells for electroporation. 9) In our case, glycerol and sucrose might have acted as permeating and nonpermeating cryoprotectant respectively. In addition, Suga et al. pointed out that structural changes in the membrane mediated by the freezing and thawing process might facilitate the subsequent uptake of DNA caused by the high electric pulse.
10) Therefore, the high transformation efficiency of our method may have resulted from reduction in damage to the cells due to the copresence of glycerol and sucrose, and to structural changes in the membrane by the freezing and thawing.
A pre-incubation procedure with dithiothreitol (DTT) and lithium acetate (LiAc) and a slow cooling rate at À80 C or in a dry ice-EtOH bath for at least 20 min were essential for effective transformation (Table 1) . These results are in good agreement with those of Pribylova and Suga. 5, 11) It is known that thiol compounds, such as DTT, used as cell-wall weakeners, and cations, such as LiAc, used as a cell-surface charge neutralizer, 12) are effective in improving transformation efficiency in other yeasts, since DTT increases cell-wall porosity, 13) and negativecharged DNA effectively absorbs to a neutralized cell surface. In this context, it is reasonable that preincubation with DTT and LiAc is necessary to improve transformation efficiency in Z. rouxii. Rapid cooling in liquid nitrogen confers very low survival rates on the cell, 11) because intracellular ice crystal formation disrupts organelles. 14) On the other hand, competent cells do not freeze at À20 C, so under this condition only about 40 transformants were obtained (data not shown). Therefore À80 C or dry ice-EtOH is the best cooling condition. The improved procedure used to transform Z. rouxii is summarized in Table 2 .
To transform wild-type strains of Z. rouxii with no auxotrophy, pCUG was constructed as explained below. The KanMX marker gene was digested out of a pUG6 15) vector using XbaI and SacI, and the resulting fragment was subcloned into the corresponding site of pZEU. Consequently, this vector was able to self-replicate in Z. rouxii, and the resulting transformants could be selected using G418 resistance. The strains subjected to this test were selected mainly from a culture collection isolated from soy-sauce and soybean paste. The NBRC strains and the ATCC strain were obtained from the National Biological Resource Center of Japan and the American Type Culture Collection respectively. The Z3 strain was isolated as a flor strain from soy sauce mash at a factory belonging to the Yamasa Corporation (Choushi, Chiba). In each strain, the transformation efficiency using EB þ 15% glycerol was higher than that of EB without freezing (Table 3) . Although ATCC2623 and DL2 share a same genetic background (DL2 is derived from UL4, which is derived from CBS732 ¼ ATCC2623 7) ), the number of transformants from ATCC2623 using EB were apparently higher than that of DL2. Therefore, the efficiency obtained by Pribylova could not be reproduced under our experimental conditions, possibly owing in differences in host strain, but the usefulness of the improved method is unchanged.
In a preliminary analysis, we further tested gene targeting using an improved electroporation method. A ------------------------------------------------------------------------------------------------------------------- 
10 AE 12 0 pZEU (0.5 mg) was used for each transformation. Z. rouxii were grown in synthetic complete medium without uracil. Data represent the mean values AE SD for three independent experiments. N.T., not tested. a Cryopreserved competent cells at À80 C for 30 d were used. b EB (electroporation buffer) without sucrose þ15% glycerol was used. C for at least 20 min. (Alternatively, you can add DNA before freezing.) 11) Thaw in your hand, and add 0.5 mg of plasmid DNA to 100 ml of competent cells, and place on ice. 12) Apply an electric pulse of 9 kv/cm cuvette and a time constant of 6 to 7 ms. 13) Transfer the cell suspension to 1 ml of YPD (G418 resistance) or dH 2 O (auxotrophic mutants). 14) Incubate at 30 C for 1 h. 15) Plate on selective medium. URA3 deletion cassette containing loxP-kanMX-loxP and the 884-and 529-bp flanking regions of the gene was constructed and used in the transformation of ATCC2623. Thirteen ura3 deletion mutants were obtained out of 26 transformants using G418 resistance as judged by PCR analysis and auxotrophic phenotype. Thus the improved method was successfully used in a gene targeting experiment.
We have improved the electroporation procedure to yield the maximum possible transformation efficiency. The improved method should be useful in genetic and molecular studies of Z. rouxii. Using this method, we have begun functional analysis of a gene that is important in soy sauce brewing. The results will be reported in the near future.
